Abstract: New and convenient one-pot syntheses of 2-substituted aryl (indolyl) kojyl thioether from 2-substituted aryl (indolyl) kojic acids have been found. Firstly, the 2-substituted aryl (indolyl) kojic acids were readily obtained from coupling of aldehyde, kojic acid and indoles in the presence of p-toluenesulfonic acid as catalyst in good yields and with high selectivity. Then, 2-substituted aryl (indolyl) kojic acids were reacted with thionyl chloride to afford corresponding 2-substituted aryl (indolyl) kojic chlorides. Finally, the 2-substituted aryl (indolyl) kojic chloride derivatives were reacted with benzenethiols in presence of triethylamine in t etrahydrofurane to afford the corresponding thioether derivatives in good yields.
INTRODUCTION
Kojic acid [1] is a natural pyrone produced by certain filamentous fungi, mainly species of Aspergillus and Penicillium. It is a common by-product in the fermentation of soy sauce, sake and rice wine, and is widely used as a food additive to prevent oxidative b rowning or in cosmet ics as a depigmenting agent. [2] [3] [4] Ko jic acid has chelating activity [5] and inhibits tyrosinase, [6] and polyphenoloxidase (PPO). [7] Based on these effects, kojic acid has been used as a depigmenting agent for cosmetics and as a food additive to prevent enzymatic brown ing due to PPO. Kojic acid has also been shown to scavenge free radicals and to prevent photodamage [7] However, only a few studies on kojic acid and its derivatives as NO inhib itors have been conducted. The biological activities of kojic acid are due to its γ-pyranone structure having an enolic hydroxy l group. Thus, various kojic acid derivatives, that are modified at the 2 -position, have been developed to enhance biological activities [8] .
EXPERIMENTAL
Chemicals used in this work were purchased from Aldrich and Merck chemical co mpanies and used without purification. IR spectra were recorded on a Shimad zu 435-U-04 FT spectrometer as KBr pellets. 1 H and 13 C NMR spectra were measured in DM SO-CDCl 3 with a Bru ker DRX-400 Advance instrument at 400 and 100 MHz, respectively, using Me 4 Si as internal standard. Mass spectra were recorded with *Address correspondence to this author at the Department of Chemistry, Payamenoor University, 19395-4697 Tehran, Iran; Tel: +98-2415078; Fax: +98-2415026; E-mail: forouzanimehdi@yahoo.com a spectrometer Finnegan-MAT 8430 operating at an ionization potential of 70 eV. Melting points were measured on an SMPI apparatus.
General procedure of the synthesis of 2-substituted aryl(Indolyl )kojic aci d deri vati ve (4a-k): Aldehyde (1 mmo l), kojic acid (1 mmo l), indole (1 mmo l) and pTSA (0.12 mmol) were taken in a 25 mL round-bottomed flask containing 10 mL of water. The mixture was stirred at 90 o C for an appropriate time as mentioned in Table 1 . After co mpletion of the reaction as monitored by TLC, the mixture was allo wed to cool to room temperature and quenched with water and extracted with ethyl acetate (2 × 10 mL).
The comb ined organic layers were dried over anhydrous Na 2 SO 4 , concentrated in vacuo and purified by colu mn chromatography on silica gel (Merck, 60-120 mesh, ethyl acetate/hexane, 3:7) to afford the pure substituted aryl(Indolyl)ko jic acid derivative. These products were characterized on the basis of their physical properties an d also characterized by 1 H-NM R, 13 C-NM R, IR spectra and, and by direct co mparison with literature data [13] .
Typical procedure of the synthesis of 2-((1H-indol-3-yl)-phenyl-methyl)-3-hydro xy-6-(phenylsulfanylmethyl)-4H-pyran-4-one (6a): To a stirred solution of kojyl chloride 5a (4.8 g, 30 mmo l) and trietylamine (1.6 g, 4 mmo l) in THF (10 mL) under N 2 was added benzenethiol (3.7 g, 33 mmo l). The reaction mixture was stirred for 8 h at room temperature, after which THF was evaporated in vacuo. The residue was extracted with ethyl acetate (30 mL), washed with water. The organic layer was dried with anhydrous MgSO 4 and concentrated to give a crude product. The resultant was purified by crystallization fro m ethyl acetate-hexane to give 6a (1.5 g) in 87 % yields.
All the products obtained were fully characterized by spectroscopic methods such as IR, 1 H-NMR, 13 C-NMR, mass spectroscopy and elemental analysis and have been identified by the comparison of the reported spectral data. Indol-3-yl)-(2 -methylphenyl) Chloro-1H-indol-3-yl)-phenyl-methyl] 3-hydroxy-6-p 133.0, 131.4, 129.8, 128.8, 128.4, 126.6, 125.7, 123.8, 121.2,  120.7, 120.0, 118.4, 117.8, 113.9, 113.2, 112.2, 108.7, 103.0 Chloro-1H-indol-3-yl)-(4 -methoxy-phenyl)-methyl]-3-hydroxy-6-p-tolyl sulfanyl methyl-4H-pyran-4-one (6j) 6-p-tolyl sulfanyl methyl-4H-pyran-4 
3-

3-Hydroxy-2-[(1H-Indol-3-yl)-(4-methoxyphenyl) methyl]-6-phenylsulfanyl methyl-4H-pyran-4-one
3-Hydroxy-2-[(1H-
3-Hydroxy-2-[(1H-Indol-3-yl)-(4 -hydroxy phenyl) methyl]-6-phenylsulfanyl methyl-4H-pyran-4-one (6g)
:
3-Hydroxy-2-[(1H-Indol-3-yl)-(2 -chloro phenyl) methyl]-6-phenylsulfanyl methyl-4H-pyran-4-one (6h)
2-[(5-
3-Hydroxy-2-[(5-methoxy-1H-indol-3-yl)-(4-methoxyphenyl)-methyl]-
RES ULTS AND DISCUSS ION
In continuation with the search for simp le non-hazardous methods for the transformations in organic synthesis using various reagents, [9] [10] [11] [12] [13] . we wish, herein, to report on the use of pTSA as a more robust and efficient catalyst in the onepot synthesis of 2-substituted aryl(indolyl)kojic acid derivatives ( fro m ko jic acid, ary l aldehydes and indoles under neutral conditions in high yields (92-94%) (Scheme 1, Table 1 ).
We propose a mechanism for these reactions in three steps as shown in Scheme (2). which, under the influence of pTSA, forms an enone. The resulting enone may undergo conjugate addition with indole to give the desired product as depicted in Scheme (2).
In continuous, 2-substituted aryl(indolyl)ko jic acid derivatives (4a-4k) were reacted with thionyl ch loride to afford corresponding 2-substituted aryl(indolyl)kojic ch lorides (5a-5k). Then, 2-substituted aryl(indolyl)kojic chlorides were reacted with benzenethiols in presence of triethylamine in tetrahydrofuran to afford the corresponding thioether deriv atives (6a-6k) (Scheme 3).
CONCLUS ION
In summary, we have described an efficient and environmentally benign method for the preparation of 2 -substituted aryl(indolyl)kojic acid derivatives by pTSAcatalyzed reaction in water at 90 o C and convert to their corresponding kojyl thioether. Operational simp licity, mild reaction conditions, enhanced rates, and high isolated yields of the pure products are significant advantages of the protocol presented here. 
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